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The postnatal development of tubular phosphate reabsorption.
J. Brodehi, K. Gellissen, W. P. Kaas, and H.-P. Weber. Han-
foyer, Federal Republic of Germany. The renal handling of phos-
phate could be studied in 194 infants and children (1/2 months to 15
yr) in whom clearance studies with inulin had to be performed for
diagnostic reasons. In the first few months of life, the plasma
concentration of inorganic phosphate (P1) is 2.00 0.20 mmoles/
liter (±su) and then decreases to 1.38 0.21 mmoles/liter. The
urinary excretion and clearance rates of P, are highest in infancy
and approach juvenile levels at age 6 yr. The tubular reabsorption
(Tn) is low in early infancy (93 37 moles/minh1.73 m2) as
compared to values beyond one year of age (150 37); the
fractional phosphate reabsorption (T1,/C12), however, is higher in
infancy than later (1.57 0.15 vs. 1.31 0.18 j.moles/ml). The
plasma P, concentration exhibits a close linear correlation with
fractional P1 reabsorption; infants and children, however, do not
have identical regression lines; instead, their lines run parallel.
Exogenous i.v. phosphate-loading (TmP) was performed in 31
children, elevating plasma P1 from 1.45 0.19 to 2.92 0.43
mmoles/liter within one hour. Despite phosphate-loading, tubular
phosphate reabsorption did not change significantly (T = 1.56
0.33 vs. TmP = 1.57 0.38; T2/C1 = 1.34 0.15 vs. 1.40 0.23),
while the percentage of tubular P, reabsorption (TRP) dropped
from 92.1 4.2 to 48.3 8.4%. It is concluded that 1) tubular P1
reabsorption in endogenous states is already near its maximal
capacity, which means that the splay originally postulated by Pitts
seems to be very small in humans, 2) the plasma P1 level is mainly
regulated by fractional P, reabsorption, and 3) the high P1 levels in
infancy can only partly be explained by higher fractional P, reab-
sorption, and have to be attributed to additional factor(s).
Renal prostaglandin biosynthesis and extracellular potassium
concentration. R. Ddsing, H. J. Kramer, A. A. Attallah, andJ. B.
Lee. Department of Medicine, State University of New York at
Buffalo, U.S.A., and Medizinische Poliklinik, Universitat Bonn,
F.R.G. The exact mechanism of vasopressin-resistant polyuria
during potassium depletion is stifi unclear. Recent investigations
point to a role of renal prostaglandin (PG) E2 in the urinary
concentrating mechanism. PGE inhibits the vasopressin-induced
increase in water permeability in vitro, and inhibition of PG bio-
synthesis was shown to increase the urinary concentrating ability
during potassium depletion in the experimental animal. The pres-
ent study was therefore performed to investigate in vitro whether
changes in extracellular potassium concentration directly modu-
late PGE2 biosynthesis in the inner medulla. Slices of rabbit papilla
were incubated in Krebs Ringer bicarbonate solution (containing
95% oxygen, 5% carbon dioxide, 10 m glucose, and 4 g of HSAJ
100 ml of solution) for 30 mm at 38CC with 10 M 14C-arachidonic
acid (AA). Measurements were made of conversion of AA into
PGE2 at potassium concentrations between 0 and 9 mEq/liter. AA
conversion into PGE2 (nM/g/30 mm) was 3.21 0.92 (potassium,
0), 2.72 0.89 (potassium, 2.0), 2.47 0.57 (potassium, 2.5), 1.3
0.3 (potassium, 5.0), 0.75 0.40 (potassium, 9.0) (P < 0.05).
The results demonstrate that changes in extracellular potassium
concentration directly influence the conversion of AA into PGE2 in
the inner medulla in vitro, with a significant stimulation in the
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presence of low potassium concentration in the incubation media.
Increased biosynthesis of PGE2 within the inner medulla may
therefore play an important role in the pathogenesis of vasopres-
sin-resistant polyuna during potassium depletion.
Inhibition of the maximal reabsorptive capacity for inorganic
phosphate (TmP1) in acutely parathyroidectomized (P'FX) rats by
expansion of the extracellular fluid volume (ECFV) and phosphate-
loading. A. Frick and I. Durasin. Department of Physiology,
University of Munich, Munich, F.R.G. Clearance methods were
employed to study both the effect of expansion of ECFV and the
effect of phosphate-loading on the TmP1 in acutely PTX rats.
Female Sprague-Dawley rats (260 to 290 g body wt) kept on a
standard diet (Altromin) were anesthetized with mactin and pre-
pared for clearance studies. The animals were infused i.v. with
modified Ringer solutions containing inorganic phosphate in order
to determine the TmP1 values. Group I (Expansion, N = 10): The
increase of the infusion rate from 0. 10 to 0.375 mI/mm reduced the
TmP1 significantly and the fractional reabsorption of P1 from 64.7
5.1 to 45.4 4.0% (mean SD, P <0.001), while the P1 concen-
tration in plasma and the filtered phosphate remained unchanged
throughout these experiments (4.6 mmoles/liter and 13 tmoles/
mm, respectively). Group 2 (Phosphate-loading, N = 8): A further
elevation of the P1 concentration in plasma from 4.9 0.9 to 7.4
0.5 mmoles/liter (P < 0.001) significantly diminished the TmP1
from 8.9 1.1 to 6.1 0.9 moles/min (P < 0.001) and the TmP1/
GFR from 3.00 0.33 to 2.20 0.27 mole/ml (P < 0.001)
(infusion rate was kept constant at 0.15 mI/mm). It is concluded
that both the extracellular fluid volume and the concentration of P1
in plasma (or the content of P1 in the body) regulate the reabsorp-
tion of P1 in the rat in the absence of parathyroid hormone.
Renal transport of oxalate. R. Greger, F. Lang, H. Oberleith-
ncr, and P. Deetfen. Inst. Physiol. Univ. Innsbruck, Austria.
Using '4C-oxalate, renal transport of oxalate in the rat was studied
by clearance and micropuncture techniques. In pilot experiments
it was shown that in the rat, 14C-oxalate is not degraded signifi-
cantly for the duration of our experiments. In another in vitro pilot
study, it was shown that ultraffiterabiity of '4C-oxalate is complete
(0.98 0.02, N = 7). In clearance experiments, fractional excre-
tion of '4C-oxalate was 1.18 0.05, N = 8. This value was slightly
decreased by probenecid i.v. (0.1 mmoles/kg of body wt) to 1.11
0.02, N = 3, P < 0.2, and significantly depressed by i.v. p-
aminohippurate (2.0 mmoles/kg) to 0.89 0.04, N = 4, P < 0.005.
In microinfusion experiments, recovery of '4C-oxalate in urine was
0.94 for the early proximal microinfusion site and 1.01 for the late
proximal microinfusion site, N = 36. In continuous microperfu-
sion experiments of proximal tubules (N 41), a highly significant
out-flux of 14C-oxalate of 8% per nmi perfused length was found, P
<0.0005. In peritubular capillary microperfusions (N = 10) and
subcapsular superfusions (N = 7), invariably the appearance of
'4C-oxalate preceded that of 3H-inulin in ipsilateral but not in
contralateral urine. It is concluded that 1) oxalate is freely filtered
at the glomerulus, 2) oxalate is secreted most likely in the proximal
tubule and pars recta, 3) a small fraction of total oxalate is
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reabsorbed proximally, and 4) the amount of oxalate excreted in
final urine exceeds the filtered load.
Renal effects of ozolin, a new strong acting diuretic. J. Greven,
H. Klein, and 0. Heidenreich. Department of Pharmacology,
University of Aachen, Aachen, F.R.G. The renal action of Z-(3-
methyl-4-oxo-5-pipendinothiazolidin-2-ylidene)acetate (ozolin), a
metabolite of the diuretic etozolin (Elkapin®), was studied in
anesthetized dogs and rats after i.v. injection and compared with
the renal effects of furosemide. In dogs, the diuretic action of
ozolin was short in onset and of short duration. The smallest
effective i.v. dose was 1 mg kg-1. Maximal diuretic capacity was
reached at 50 mg kg-i i.v. Fractional tubular sodium reabsorption
was depressed at maximal effective doses to 67%. Ozolin had
similar renal actions as furosemide. As furosemide, ozolin in-
creased renal blood flow, slightly decreased GFR, depressed tubu-
lar chloride reabsorption more than sodium reabsorption, in-
creased potassium excretion, lowered the pH of urine, decreased
urinary osmolarity towards isotonicity, and depressed tubular
PAH-secretion. Concerning the effective doses and the maximal
changes of tubular sodium excretion, ozolin was somewhat less
potent than furosemide. Micropuncture studies in rats showed that
ozolin increased intratubular hydrostatic pressure. However,
whole kidney GFR as well as single nephron GFR, measured at
different tubular sites, remained constant due to an increase in
glomerular capillary pressure (stop flow measurements, servo-
nulling technique). The diuretic decreased intrinsic reabsorptive
capacity of the proximal tubular epithelium, as measured with the
shrinking-drop technique of Gertz, but had no clear cut effects on
proximal fractional reabsorption. Fractional reabsorption was
evaluated not only from free-flow end-proximal tubular fluid to
plasma inulin measurements but also from transit time and t'/2 of
reabsorption (shrinking-drop technique). An impressive depres-
sion of fluid, sodium and potassium reabsorption occurred in the
loops of Henle after ozolin. No further inhibition of fluid and
sodium reabsorption in the distal convoluted tubules could be
detected after the drug using a free-flow recollection technique.
Concerning the tubular site of renal action, there is a striking
similarity between ozolin and the strong acting diuretic furosem-
ide, although the chemical structures of these drugs are quite
different. Differences between the two drugs exist concerning the
end-proximal tubular chloride concentration, which was decreased
by furosemide but was not affected by ozolin. This points to
different effects of the drugs on proximal tubular bicarbonate
reabsorption.
Effects of furosemide and bumetanide on cyclic nucleotides and
electrolyte excretion of the rat kidney. A. Hawlina, H. Osswald,
R. Ziegan. Department of Pharmacology, R WTHAachen, F.R.G.
In Spague-Dawley rats, left kidneys were frozen quickly, using a
Wollenberger clamp 8, 26 mm after iv. injection of furosemide
(FUR, 0.5, 5, and 50 mg/kg) and bumetanide (BUM, 0.1, 1, 10, and
50 mg/kg). After tissue extraction and separation, cAMP was
measured by a protein binding assay and cGMP by a radioimmu-
noassay. cAMP tissue levels were 3.9 0.3 pmoles/mg dry weight
in the controls. FUR, 0.5 mg/kg, enhanced sodium excretion from
1.65 0.1 tEq/minl00g to 9.92 3.9, but did not affect tissue
cAMP. Sodium excretion increased to 11.5 2.2 and to 13.3
3.2, when 5 and 50 mg/kg FUR were injected. These doses en-
hanced cAMP levels to 11.3 0.9pmoles/mg and to 12.1 0.1 (P
<0.001). cGMP tissue levels were 0.43 0.04 pmoles/mg in the
controls and increased to 1.13 0.2and to 1.97 0.2, 8 mm after
injection of 0.5 and 5 mg/kg FUR (P <0.001). The 26-mimi values
were no longer significantly different compared to control values.
BUM, 0.1 mg/kg, increased sodium excretion to 2.8 j.Eq/min 100
g, whereby cAMP was 7.7 0.5 pmoles/mg. cAMP levels were
10.2 0.8, when 10mg/kg BUM were injected. Renal tissue levels
of cGMP were not influenced by BUM. No correlation was found
between tissue concentrations of cAMP and cGMP and the actual
excretion of electrolytes. The data do not support the idea that
inhibition of renal adenylcyclase is involved in the diuretic action
of FUR and BUM.
The influence of/3.blockade and /3-stimulation on blood pressure
response to angiotensin. K. Hayduk, K. J. Osterziel, J. Beyer, and
G. Liebau. Department of Internal Medicine, Tubingen, F.R.G.
The increase of blood pressure (BP) during angiotensin (A) infu-
sion is said to depend on plasma renin. The influence of /3-
receptors on BP response to A has not been clarified, especially
since plasma renin is dependent on /3-adrenergic tone. Each of 10
Wistar rats (weight, 150 to 200 g) were injected with orciprenaline
(0.15 mg), 5% laevulose, or 0.15 mg of propranolol in 0.3 ml
intramuscularly 30 mm prior to the study. BP was measured
continuously via a femoral approach, and plasma renin (PRC) was
measured before and after A infusion. After a control infusion, 100
ng of AIIlmin were infused for 10 mm. In the animals pretreated
with orciprenaline, BP increased from 104 16 to 128 25, and
PRC dropped from 47 30 to 18 13 (mean SD). The respective
values for laevulose were 93 14 to 127 23 (BP) and 34 15 to
20 10 (PRC); and for propranolol, they were 96 8 to 139 19
(BP) and 12 5 to 6 3 (PRC). The differences (BP increase,
PRC) between the groups were significant. Comparing the differ-
ent groups of animals, PRC and BP response to All were inversely
related. The lack of relation between PRC and BP response in the
individual groups indicates a direct influence of/3-adrenergic tone
on blood pressure response to angiotensin.
Experimental renal hypotension. U. Helmchen, H. Dienemann,
U. Kneissler, R. Stahl, and E. J. Kirchertz. Pathologisches Insti-
tut der Universitdt Ttibingen, F.R.G., and Institut de Pharmacolo-
gie de 1' Université, Lausanne, Switzerland. Specific angiotensin II
antagonists were shown to lower arterial blood pressure in the
state of sodium and fluid deprivation. Therefore, secretory insuffi-
ciency of the juxtaglomerular epitheloid cells might also cause
artenal hypotension after reduction of extracellular fluid volume.
To test this hypothesis, secretory insufficiency of the juxtaglomer-
ular apparatus and fluid depletion, simultaneously, were induced
by removing the "clamped" kidneys in renal hypertensive, so-
dium- and volume-depleted rats, leaving in situ the contralateral
kidneys deprived of renin during the preceding period of hyperten-
sion. Ten days before removal of the clamped" kidneys in rats
hypertensive for 4 weeks or removal of the left kidneys in normo-
tensive controls, the animals were divided into 3 groups. Group A
was hypertensive animals (N = 17) and normotensive controls (N
= 12) with free access to tap water and standard pellet diet. Group
B was hypertensive animals (N = 18) and normotensive controls(N = 12) with free access to demineralized water and to low
sodium diet. Group C was hypertensive animals (N = 16) and
normotensive controls (N = 12) on the same diet as in group B
and, additionally, they were injected i.p. with furosemide, 30 mg/
kg of body wt, 4 hours before removing the "clamped" or one
normal kidney. Systolic blood pressure (BP) was measured by tall
plethysmography before and during the first 2 days after unine-
phrectomy. Plasma renin activity (PRA) was determined by ra-
dioimmunoassay 2 days after uninephrectomy.
Groups (H = hypertensives; C = controls)
H
C
180.4 6.1
111.9 2.4
174.3 5.7 165.3 7.2
109.3 1.7 103.7 2.4 s
H
C
118.9 4.5
105.3 2.5 NS
69.9 3.7 s 2.0
106.3 3.2 99.4 2.5 s
H 107.3 3.5 87.4 3.6 50.0 2.9
C 109.4± 2.3 99.7 1.7 99.8 2.1
H 10.8 1.1 29.7 2.8 58.9 6.9
C 39.5 3.2 154.0 14.4 58.2 29.6
Arterial hypotension occurring in groups B and C may be related
to the inability of the remaining renin-depleted kidneys to release
A B C
BP, mm Hg
before
day 1
day 2
PRA, ng/ml/hr
day 2
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renin appropriately to the state of sodium and extracellular fluid
volume deprivation. Accordingly, renal hypotension might be ex-
pected to develop after acute dehydration in patients with previ-
ously chronically depressed renin-angiotensin systems.
Enhanced glycogen breakdown as a result of uncontrolled acto-
mysin-ATPase in skeletal muscle of uremic rats. W. H. Hdrl, J.
Sperling, and A. Heidland. Department of Nephrology, University
of Wflrzburg, Germany. Troponin (TN), a complex composed of
the subunits TNC, TNT, and TNT, regulates aetin-myosin interac-
tion together with tropomyosin in dependance of the free calcium
ion concentration. The proportion of the subunits in intact tro-
ponin is 1:2:1. Troponin isolated from muscle of rats with acute
uremia shows a completely different composition. The ratio
TNC:TNI:TNT is 1:0.2:0.4, respectively. TNI itself prevents the
contact of myosin and actin in the absence of calcium. In the
uremic muscle, however, the actomyosin-ATPase could act un-
controlled resulting in an increased degradation of ATP. ATP is
resynthesized by activation of the glycogenolysis. Therefore, the
following enzymes of the glycogen metabolism had been mea-
sured: cyclic AMP-dependent and independent protein kinase,
phosphorylase kinase (active and inactive forms), phosphorylase a
and b, phosphorylase phosphatase, and glycogen synthetase, D
and I-form. In comparison to the control animals, a two- to three-
fold activation of the cAMP-dependent protein kinase, phospho-
rylase kinase and phosphorylase could be measured. Simultane-
ously, however, the activity of the glycogen synthetase was found
to be elevated in uremic animals eight weeks after subtotal (90%)
nephrectomy. Therefore, the glycogen content in muscle was
normal.
Renal anisotonic transport: Differentiation of the thick ascend-
ing limb of Henle's loop dissected and perfused in vitro. M.
Horsier. Physiologisches Institut der Universität Mflnchen, Ger-
many. Cortical segments of the thick ascending 1oop of Henle
(CTAL) were dissected from most superficial nephrons of differen-
tiating (d-CTAL, day 2 to 10 postnatal, N = 24) and mature (m-
CTAL, day 25 to 30, N = 19) fresh rabbit renal slices. Perfusion
rates were similar per unit of surtitce area in both functional states
(2.09 and 2.78 nl min-'/l0cm2). Perfusate was ultraffitrate of
rabbit serum or artificial solution identical to bath medium. Re-
sults. Net solute transport (collected/perfused osmolarity) was
0.91 0.07 in d-CTAL and 0.62 0.13 in m-CTAL. Osmotic
hydraulic permeability (bath hyperosmotic) was 4.78 1.15 cm3
cm2 atm1 10-6 in the d-CTAL, similar to the m-CTAL. Net
sodium transport across the d-CTAL was 2.13 0.37 Eq cm'
sec' l0_12, and 11.6 1.3 in the m-CTAL. Steady-state sodium
concentration in the lumen (bath: 148 mEq/liter) was 65 8 mEq/
liter in the m-CTAL and 98 11 in the d-CTAL. Conclusions.
Differentiation of the thick ascending loop of Henle is character-
ized by constant hydraulic permeability and by changes in net
sodium (chloride) flux and in the steady-state sodium concentra-
tion difference. Therefore, postnatal concentrating and diluting
capacity of the differentiating countercurrent system depends on
the ontogeny of the thick ascending limb of the 1oop of Henle.
Immunological studies on rapidly progressing glomerulonephri-
tis. H. W. lntorp, H-f. Jgelmann, H. Gruber, and H. Losse.
Medizinische Univ. Poliklinik Münster, F.R.G. In earlier studies,
patients with rapidly progressing glomerulonephritis (GN) were
found to produce autoantibodies against the glomerular basement
membrane (GEM). These antibodies combine with antigens at the
GEM and can be demonstrated by direct immunofluorescent tests
on biopsy material. To answer the question whether or not cellular
immune reactions may accompany the formation of autoantibod-
ies, rabbits were immunized with purified preparations of GEM.
Using various immunologic techniques, circulating autoantibodies
coutd be demonstrated against antigens of the GEM. In accor-
dance with the autoimmune GN in man, in these animal experi-
ments linear deposits of autoantibodies could be observed. Histo-
logic and electron microscopic studies of renal sections from the
immunized animals revealed pathologic findings similar to those
found in rapidly progressing GN. Together with autoantibodies,
cellular immune reactions which were directed against antigens of
the GEM could be demonstrated also. These findings indicate that
cellular immune reactions are also important in this disease. As
similar reactions can be found in human GN, the migration inhibi-
tion technique used in these studies appears to be of additional
help for the diagnosis of autoimmune GN.
Interrelationships between transport of sodium, potassium,
chloride, and H/HCO3 in rat submaxlllary duct. H. Knauf, W.
Kreutz, R. Lbbcke, and U. Wais. Department of Medicine and
Biophysics, University of Freibnrg, F.R.G. The maln submaxillary
duct reabsorbs sodium, secretes potassium, and accumulates bi-
carbonate in the lumen. To study the interrelationships between
these ions, the duct lumen was perfused in vivo with series of test
solutions, in which the principal ion was replaced by an inert one.
1) Variation of luminal sodium concentration in exchange for
choline resulted in changes of sodium reabsorption and potassium
secretion. Sodium transport exhibited saturation kinetics with a
Km of 33 mat and a Vma,, of 6 nM/sec cm2. Variation of potassium
secretion reflected that of sodium reaborption in a mirror-like
fashion. The lumen-negative potential difference (PD) increased
with increasing luminal sodium. 2) During variation of luminal
potassium concentration in exchange for choline at a constant
luminal sodium concentration (25 mM), the PD remained practi-
cally constant. Net potassium secretion decreased linearly with
increasing luminal potassium. Strikingly, sodium reabsorption was
also decreased by increasing luminal potassium, although the elec-
trochemical potential difference for sodium between lumen and
interstitium was not altered. 3) At zero luminal sodium concentra-
tion, potassium secretion was about 20% of that found in the
presence of sodium reabsorption. Potassium secretion was then
paralleled by bicarbonate secretion, and the PD was approxi-
mately zero. Variation of luminal potassium at zero sodium con-
centration was agaln followed by changes in potassium secretion.
However, the slope of this relation was significantly smaller than
that found in the presence of sodium reabsorption. These potas-
sium movements were always accompanied by bicarbonate move-
ments or hydrogen transport in the opposite direction. 4) Replace-
ment of luminal chloride by sulfate or bicarbonate was followed by
an abolition of sodium reabsorption and a drastic reduction of
potassium secretion to about 20% of the control value, although
the lumen-negative PD was even increased with sulfate. Amiloride
(l04M) in the lumen yielded the same effects on sodium and
potassium transport as luminal sulfate or bicarbonate. The PD,
however, was zero with amiloride but maximal with sulfate. 5)
With luminal bicarbonate Ringer, ductal hydrogen to bicarbonate
transport was insignificant. However, in metabolic alkalosis, there
was significant bicarbonate secretion; in metabolic acidosis, there
was bicarbonate reabsorption. Luminal bicarbonate concentration
stimulated secretion of bicarbonate and potassium. This effect was
suppressed by luminal thiocyanate (4 mM). Conclusion. Salivary
sodium uptake and the major component of potassium secretion
are interdependent, probably due to a sodium-potassium-antiport.
This observation agrees with that in the cortical collecting duct of
the kidney. Salivary sodium reabsorption is also chloride depen-
dent, probably due to an additional sodium-chioride-symport,
which is sensitive to luminal furosemide. Only a small component
of salivary potassium secretion is sodium independent and linked
with bicarbonate secretion. Salivary potassium transport is not
determined by the electrical PD in contrast to the renal distal
tubule. Salivary transport of hydrogen and bicarbonate is sodium
independent. It is stimulated by the luminal buffer load and sup-
pressed by thiocyanate, as is the membrane-bound bicarbonate-
activated ATPase of the duct. Salivary transport of hydrogen and
bicarbonate is controlled by changes in acid-base balance similar
to the renal cortical collecting duct.
Diuretic activity and renal elimination of triamterene and its
metabolites in renal insufficiency. H. Knauf, I. SchnippenkOtter,
U. Wais, H. Geissler, B. Grebian, and E. Mutschler. Department
Abstracts 529
of Medicine, University of Freiburg, and Department of Pharma-
cology, University of Frankfnrt, F.R.G. Triamterene (T) is known
for its natriuretic and potassium-retaining effect. After oral admin-
istration of T, fluorescent metabolic products of T were rapidly
recovered in the urine: 1) Hydroxy-triamterene (HO-T, phase-I-
metabolite) and 2) sulfuric ester of HO-T (HSO3-O-T, phase-Il-
metabolite), as determined by direct evaluation of thin-layer chro-
matograms. In normals, about 60% of T were recovered in the
urine, of which HSOrO-T shared about 75%, HO-T about 5%, and
T about 20%. In plasma, the concentration of HSOrO-T was
about 10 times higher than that of T. Since the phase-Il-metabolite
HSOrOT is the predominant product in plasma and urine, the
question arose as to whether this metabolite is still effective on ion
transport. This problem was investigated in microperfusion experi-
ments of rat submaxillary duct. This epithelium handles transport
of sodium, potassium, and H/HCO3 similarly as the distal nephron,
to which the renal effects of T apply. The phase-I-metabolite as
well as the phase-Il-metabolite of T were equally effective on
epithelial transport of sodium, potassium, and WHCO3 as is T.
Luminal administration of 10 M T or of its metabolites was
followed by total blockade of sodium reabsorbtion and drastic
reduction of potassium secretion, whereas bicarbonate was accu-
mulated in the lumen. These results completely agree with our
clearance data in rats. In patients with reduced renal function,
higher plasma levels of T and its metabolites than in controls were
observed after one oral dose (100mg of T). Therefore, the velocity
of renal elimination (t'/2) of T and its metabolites was studied in
patients with renal insufficiency, and t'/2 was correlated with the
creatinine clearance (C(:r). A t'k was approximated for T and
H503-O-T to be about 3 hr for both agents in normal persons. At
Cc,. = 50 mI/mm, t'k for both T and H503-O-T increased to about 6
hr. In terminal renal insufficiency, t% for T and its metabolites was
greater than 10 hr. Strikingly, there was no difference in elimina-
tion between T and its hydrophilic metabolite HSOrO-T. Conclu-
sion. The phase-II-metabolite, H503-O-T, is equally effective on
ion transport, as is T. Since H503-O-T is the predominating agent
in plasma and urine, this phase-II-metabolite instead of T must be
considered to be responsible for the natriuresis and potassium-
retention observed after oral administration of T. In renal insuffi-
ciency, T and its metabolites accumulate in the plasma. This has to
be taken care of in the dose regimen.
Stimulation of renin release (RR) by cAMP in the isolated
perfused rat kidney. A. Konrads, K. G. Hofbauer, and F. Gross.
Department of Pharmacology, University of Heidelberg, Heidel-
berg, West Germany. Isotated rat kidneys were perfused at a
constant pressure of 90 mm Hg in a single-pass system with an
electrolyte solution containing Haemaccel. The effects of isopro-
terenol (IP) (2 x l0 to 2 x l0 M), 3-isobutyl-t-methyl-xanthine
(IBMX) (4 x l0 to 7 x l0 M), and dibutyryl-cAMP (DBcAMP)
(1 x 10-6 to 8 x 105M) on renal pertlisate flow (RPF), urinary
sodium excretion (UNaY), and RR were studied. IP at 2 >< l0 M
neither changed RPF nor UNaV but increased RR from 1100 273
(saM) to 1743 356 ng of angiotensin I (Al) per mm within 5 mm;
higher doses progressively increased RPF and UNaV and stimu-
lated RR up to 3781 295 ng of Al/mm. IBMX at the lowest dose
increased RPF but did not change RR; higher concentrations
induced further vasodilation, natriuresis, and a stimulation of RR
up to 5407 1004 ng Al/mm. The effects of IP and IBMX on RR
were potentiated during the concomitant administration of both
substances. DBcAMP at 9 x 106 and 8 x l0 M increased RPF
and stimulated RR from 588 93 to 941 129 and 2724 347 ng
of Al/mm, respectively. In contrast, sodium nitroprusside, which
also increased RPF but does not affect cAMP, induced only a slow
and small stimulation of RR in previous experiments. These data
suggest that IP, IBMX, and DBcAMP may stimulate RR indepen-
dently of vasodilation and natriuresis by raising the intracellular
concentration of cAMP in the epitheloid cells.
Mechanism of luminal acidification in proximal tubules of the
rat kidney. F. Lang, P. Quehenberger, R. Greger, and P. Deetjen.
Inst it at für Physiologie, Innsbruck, Austria. To study the effect of
carbonic anhydrase inhibition on tubular acidification, luminal pH
was recorded continuously with antimony microelectrodes before
and during application of the carbonic anhydrase inhibitors (CAl)
benzolamide and acetazolamide. 1) After iv. application of CAl,
pH in early proximal tubules (PT) declined from a mean of 7.2 to
6.9, whereas pH in late PT increased from 6.7 to 7.0. Urinary pH
increased from 5.8 to 7.5. These and the following changes were
statistically significant (P < 0.05). 2) Injection of CAl into the
lumen of early and late PT resulted in a decline of luminal pH in
segments adjacent to (d = 0.3 mm) the injection site, both in eariy
(ApH, —0.21) and late (Aph, —0.09) PT. Peritubular application of
CAl again resulted in a decline of pH in early (ApH, —0.24) and an
increase of pH in late PT (Aph, 0.10). 3) PT were perfused with a
bicarbonate-free solution buffered to pH 5.8 (10 mmoles/liter phos-
phate). Luminal pH, some 0.3 mm distal to the perfusion site,
ranged between 6.0 and 6.3. Peritubular application of CAl re-
sulted in a decline of luminal pH at this site (Aph, —0.14). 4) a
mannitol-containing, buffer-free solution was injected into PT so
as to split an oit droplet. Luminal pH approached an equilibrium
pH of some 6.8 almost immediately. Peritubular application of CAl
agaln resulted in a decline of luminal pH (ApH, —0.24). The results
of 1 and 2 indicate that luminal acidification is due to hydrogen ion
secretion. The increase of luminal pH in late PT is most likely the
result of increased bicarbonate-delivery to this segment after CAL.
The results of 3 and 4 indicate that bicarbonate enters as the anion
in the tubular lumen and is removed by titration with secreted
hydrogen ions. Thus, at or below equilibrium, a bicarbonate-leak
counteracts tubular acidification by hydrogen ion secretion.
Angiograms of the rabbit-kidney in acute pyelonephritis. A. E.
Lison and K.-M. Muller. Medizinische Poliklinik and Institute of
Pathology, University of Münster, Germany. In 20 female rabbits
suffering from acute experimental pyelonephritis, postmortum re-
nal angiograms have been performed. Immediately after the inter-
ruption of the arterial blood flow, the kidneys were perfused with
contrast fluid. Pyelonephritis was induced by unilateral temporary
ureter ligation and hematogenous infection with E. coli. The angio-
grams were done one week after onset of infection. The renovaso-
grams of 5 healthy rabbits and those of the contralateral kidneys of
the infected animals were used to demonstrate the normal distribu-
tion of the pre- and postglomerular vessels. In acute pyelonephritic
kidneys, the intrarenal length of the vessels and the parenchymal
volume between two vessels has almost been doubled maialy due
to edema. This might well be the pathophysiologic background for
the onset of chronic pyelonephritis.
11-Oxygenated androstane sulfates and androstenediol sulfate in
uremia. H. Ludwig, D. Matthaei, P. Kramer, G. Spiteller, and F.
Scheler. Org .-chem. Institut and Medizinische Klinik, Gottingen,
Germany. The semi-quantitative composition of steroid sulfates of
hemofiltrate and plasma of uremic patients and healthy control
persons was analyzed with the combination of glass capillary gas
chromatography and mass spectrometry (GC-MS). At first the
steroid fractions from hemoffitrate and plasma must be enriched:
the organic phase was adsorbed on a polysterene resin, fractioned
on Sephadex, eluted with methanol, solubilized enzymatically,
and purified on ion exchangers and silica gel. After the trimethylsi-
lilation, the derivatized steroid mixture was analyzed by GC-MS.
The gas chromatograms give a semi-quantitative summary of the
steroid composition of the sulfate fractions indicating the relative
proportion of the compounds as so-called profiles. Plasma and
hemofiltrate of persons with healthy kidneys contain, as expected,
dehydroepiandrosterone as the main steroid of the sulfate fraction.
On the contrary, main steroids from the hemoffitrate of uremic
patients are 1 t-oxygenated androstanes, likely metabolites of cor-
tisone: 1 1$-hydroxyandrosterone, 1 1-ketoandrosterone, t 1/3-hy-
droxyetiocholanolone, and 1 1-ketoetiocholanolone. The plasma
steroid profiles of uremic patients contain, not expected, androste-
nediol as the main steroid, a metabolite of dehydroepiandroster-
one. Hitherto, this statement could not be clarified. The steroid
profiles of plasma and hemoffitrates of uremic patients show char-
acteristic changes in the steroid metabolism in uremia. Further
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investigations may interpret the phenomena described above by
metabolism analysis, providing a lot of further information by the
combination of hemofiltration and GC-MS.
Role of acid-base balance and plasma calcium for renal phos-
phate reabsorption during phosphate-loading in thyroparathy-
roidectomized rats. H. Oberleithner, R. Greger, and F. Lang.
Institut für Physiologie, Universität Innsbruck, Austria. In acutely
thyroparathyroidectomized (TPTX) rats, phosphate-loading leads
to a continuous decline of maximal phosphate reabsorption
(TMPO). To define parameters which are responsible for this
phenomenon, pH, bicarbonate, carbon dioxide tension, and cal-
cium in plasma and titratable acid in urine were measured. Ani-
mals were infused with a phosphate solution (100 mmoles/liter;
pH, 7.4; 0.2 ml/min/kg of body wt), and a phosphate concentration
of about 5.5 mmoles/liter was maintained for several hours. While
GFR remained constant, TM0 declined for some 30%, plasma
calcium concentration decreased from 1.8 0.05 (sEM) to 1.1
0.05 mmoles/liter within seven hours. The animals developed a
mixed respiratory and metabolic alkalosis with a pH of 7.54
0.01, a carbon dioxide tension of 35 1 mm Hg, and a bicarbonate
concentration of 28 1 mmoles/liter in plasma. Phosphaturia led
to an increase of titratable acid in the urine. When the elevated
plasma pH was restored to normal values, using a carbon dioxide-
oxygen gas mixture for respiration, phosphate reabsorption con-
tinued to decline. When the elevated plasma bicarbonate was
lowered, no significant change of TM0 was shown. When, how-
ever, the decreased plasma calcium concentration was restored by
infusing calcium chloride, TM0, returned to control values. We
therefore conclude that plasma calcium is the crucial parameter
which regulates phosphate reabsorption in phosphate-loaded thy-
roparathyroidectomized rats.
Effects of some diuretics on fluid and ion transport of the
isolated gall baidder of the guinea pig. K.- U. Petersen, K.
Heintze, and H. Koerlings. Abteilung Pharmakologie, Medizin-
ische Fakultht, RWTH Aachen. The isolated gall bladder of the
guinea pig, because of its simple morphologic and physiologic
properties, is particularly well-suited for studies of the effects of
diuretics on isotonic solutes and fluid transport through epithelia.
Under control conditions, the sodium and chloride absorption was
4.7 0.5 and 5.6 0.4 rEq/cm2hr, respectively. The excess in
chloride absorption of 0.9 EqIcm2 hr was balanced by a bicar-
bonate secretion of the same degree. Ouabain (l0 M), used as a
reference substance, abolished fluid, sodium and chloride absorp-
tion and bicarbonate secretion completely, if applied to the serosal
side. Furosemide inhibited the fluid absorption only slightly by
15% when applied in high concentrations (l0 and 10_Z M) to the
serosal side. If applied to the mucosal side, furosemide had vir-
tually no influence on the fluid transport. Furosemide (10-s M)
applied to the serosal side left the unidirectional fluxes of sodium
unchanged but decreased the mucosal to serosal flux (Jmg) of
chloride by 18% and the serosal to mucosal flux (J,,,) of chloride by
31%. The bicarbonate secretion was totally abolished. Amiloride
inhibited the fluid absorption only if applied to the mucosal side. A
decrease of 50% of the fluid absorption was observed at the
concentration of 10 M. The absorption of sodium was inhibited to
a greater extent than that of chloride. Electroneutrality was main-
tained by an increased bicarbonate secretion.
Plasma noradrenaline and pressor action of exogenous nora-
drenaline in normotensives and in patients with essential hyperten-
sion. T. Philipp, U. Cordes, and A. Distler. I. Med. Department,
University of Mainz, Mainz, F.R.G. A significant proportion of
patients with essential hypertension (EH) are known to have
elevated circulating noradrenaline (NA) levels, suggesting a state
of hyperactivity of the sympathetic nervous system. If the elevated
blood pressure in EH were sustained by the activity of the sympa-
thetic nervous system in patients with normal NA, the pressor
effect of NA should be assumed to be elevated, and in patients
with elevated NA, to be undiminished. To test this hypothesis, we
investigated 29 patients with EH and 29 age-matched normoten-
sives. We tested: a) plasma NA during recumbency and at the end
of a 2-mm standardized work load of 200 W, b) the pressor action
of exogenous NA as calculated from a dose-response curve. Re-
sults: NA levels in the patients with EH were slightly increased
during recumbency (217 73 vs. 173 44 ngfliter; P <0.01) and
markedly elevated following ergometry (1213 558 vs. 563 301
ng/Iiter; P < 0,001). The pressor action of NA was significant
elevated in patients with EH (P <0.01). In the normotensives, an
inverse correlation could be shown between the pressor action of
NA and the plasma NA during recumbency (r =
—0.44;P <0.05)
and in particular following ergometry (r = —0.84; P <0.001). This
relationship was disturbed in the patients with EH without any
exception. In cases with normal NA, the pressor action of NA was
increased, whereas in cases with elevated NA levels, the pressor
action of NA was not appropriately diminished. Furthermore, it
could be demonstrated that the degree of disturbance was more
pronounced the higher the blood pressure was. A mathematical
analysis of our data shows that the height of the blood pressure is
determined by both plasma NA and pressor action of NA.
Serum erythropoietin concentration in anephric patients: Rela-
tion to degree of anemia and response to testosterone. H. W.
Radtke, P. M. Erbes, E. Schippers, and K. M. Koch. Department
of Nephrology, University Hospital, Frankfurt am Main, F.R.G.
In each of 13 bilateral nephrectomized patients, serum erythropoi-
em (SEp) concentration could be measured quantitatively by use
of the highly sensitive fetal mouse liver cell assay. SEp concentra-
tions varied considerably and ranged from 30 to 215 mU/mi. The
mean of 104 65 (SD) mU/mI was lower than the mean of 136 66
(SD) mU/mi found in 59 normal controls. There was a significant
positive correlation between SEp concentration and hematocrit (r
= 0.68, P <0.01) proving Ep deficiency to be a causative factor in
the anemia of the anephric state. In all 5 patients studied, androgen
therapy (250 to 500 mg testosterone propionate i.m./week) caused
a significant increase (1.4 to 3-fold, P < 0.05) in SEp concentra-
tions. Following withdrawal of therapy, SEp concentrations re-
turned to the original levels in all patients. Changes in SEp levels
were accompanied by corresponding changes of hematocrits.
Regeneration of the macula densa cells in the rat kidney under
normal and pathologic conditions: Autoradiographic studies after
single injection and continuous infusion of 3H-thymidine. W. Ro-
men, W. D. Heine, and M. Hollenz. Institute of Pathology, Wflrz-
burg, F.R.G. Despite numerous studies of the regeneration in the
different nephron segments of the kidney under normal and patho-
logic conditions, little is known about the behaviour of the prolifer-
ation of the macula densa cells in the distal tubules. For example,
whether these cells arise from themselves or proceed from the
neighboring cells of the distal tubule by transformation as a kind of
metaplasia has not been established. This question is of interest,
because in some diseases a hyperplasia of the macula densa cells
has been observed. Consequently, we have studied autoradio-
graphically the regeneration of the macula densa cells in rats after
subtotal nephrectomy and in controls. The animals had received a
single injection or a continuous infusion of 3H-thymidine. There
could be found that: 1) macula densa cells are able to proliferate,
2) the labelling indices for the macula densa cells and the other
distal tubule cells differ both in the control and in the nephrecto-
mized rats. This fact demonstrates again the particularity of this
cell population in the distal tubule.
Serum parathyroid hormone and magnesium in plasma and
erythrocytes of healthy subjects, patients with chronic renal fail-
ure, and patients on regular hemodialysis treatment. A. Samiza-
deh, M. Hrubesch, F. Wessels, H. Loew, and H. Losse. Medizin-
ische Universitãtsklinik, Münster, F.R.G. In the sera of 102
healthy subjects, 402 patients with chronic renal failure (CRF), and
81 patients on regular hemodialysis treatment (RDT), the serum
concentrations of parathyroid hormone (PTH), ionized and total
calcium, inorganic phosphate, alkaline phosphatase, and the con-
centrations of magnesium in plasma and erythrocytes were mea-
sured. Patients with CRF and on RDT had significantly elevated
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concentrations of serum PTH, phosphate, alkaline phosphatase,
plasma magnesium, and erythrocyte magnesium. The concentra-
tion of the ionized calcium was lowered significantly in this group.
Patients with CRF also had significantly lowered total calcium
concentrations. In healthy subjects, there was a significantly posi-
tive correlation between PTH levels and the total calcium concen-
tration. In both groups of patients, the PTH levels correlated
significantly positive with the magnesium concentration of plasma
and erythrocytes. A negative significant correlation was found
between serum PTH and magnesium concentrations of plasma and
erythrocytes in healthy controls. There was no significant correla-
tion between serum PTH and total and ionized calcium in the
serum of CRF and RDT patients. These data suggest a feed-back
mechanism by which an increase of the erythrocyte magnesium
concentration stimulates PTH secretion, whereas an elevated PTH
level results in a decrease of the erythrocyte magnesium concen-
tration, which in turn will inhibit further PTH secretion.
Hemofiltration. F. Scheler. Medizinische Universitdtskiinik,
Humboldta/lee 1, 3400 Gottingen. Although proposed by Brull
over 50 years ago, chronic treatment with hemofiltration of pa-
tients with terminal renal failure has only been performed during
the past three years. Following the first clinical experience of
Henderson and Quellhorst, a lot of additional information has been
gathered about the therapeutic value of hemofiltration. Our own
experience seems to permit the conclusion that hemofiltration
shows the same therapeutic results as hemodialysis in chronic
treatment. There may even be advantages of hemofiltration com-
pared to hemodialysis in regard to constant fluid balance, correc-
tion of disturbed lipid metabolism in uremia, and treatment of
massive hypertension in dialysis patients. Recently developed
hemofiltration machines allow continuous fluid withdrawal and
extremely easy performance of hemofiltration. Hemofiltration has
so far been successfully performed in long-term, postoperative
electrolyte correction, bromide intoxication, and death-head poi-
soning. As hemofiltration simulates the glomerular filtration of the
kidney, it seems more physiologic than hemodialysis. Further-
more, hemofiltration opens a lot of doors concerning new develop-
ments in the artificial kidney scene. The hemofiltrate per se may
also become an interesting subject of metabolic studies in uremia
and other diseases.
Receptors for immunoglobulins and E. co/i 0- and K-antigens
on brush border membranes of human kidney. J. E. Scherberich,
K. Schafer, C. Gauhl, K. Sietzen, W. Mondorf, W. Schoeppe.
Dept. Nephrology, University Frankfurt/Main, F.R.G. In order to
elucidate possible interactions of biomembranes and immunoglob-
ulins (IG) as well as of E. co/i antigens that may be of relevance to
the pathogenesis of diseases of the kidney, brush border mem-
branes (BB) were prepared from human kidney by differential and
density gradient centrifugation. Enrichment of BB was monitored
by electron microscopy, and the increase of BB marker enzymes,
such as alkaline phosphatase, y-glutamyltranspeptidase, and ala-
nine-aminopeptidase. BB were incubated with excess of IG and
06, 068, Kl3, Kl7, K30 antigens isolated from E. coil, respec-
tively. After extensive washing, BB were treated with 3 M potas-
sium chloride, triton Xl00, DOC, and papain. After centrifugation,
antigens present in the supernatants were studied by electroimmu-
noassay, applying antibodies which had been raised against IG,
BB, or 0-, K-antigens. Detergents, papain, and partially potas-
sium chloride caused release of IG as well as of 0-, K-antigens
(especially 068), indicating previous attachment to BB. Preincuba-
tion of BB with D-penicillamine greatly reduced binding of anti-
gens. Following potassium chloride and papain treatment, addi-
tional IG and E. co/i antigens could be desorbed frum BB by
subsequent incubation with detergents. BB pretreated with potas-
sium chloride and papain still were capable of binding IG, how-
ever, at a reduced rate. In negative staining, the surface of BB
revealed numerous 5-nm globular particles bound to a linear con-
stituent sticking to the peripheral BB matrix. Papain but not KC1
cleaved off the "knobs." The remaining BB showed a smooth
surface. Detergents caused disintegration to micelar constituents.
The release of IG and 0-, K-antigens as well as the major BB
surface protein (mol. wt, 2.4 x l0) was induced by papain but not
by potassium chloride. Structural antigens of BB surface and BB
matrix were only detectable in supernatants after detergent treat-
ment. The results suggest evidence that BB exhibit receptors of
different affinity for IG and 0-, K-antigens. Attachment of these
antigens to BB may parallel the presence of]) peripheral globular
and 2) integral BB constituents, expressing receptors of low (1)
and high (2) affinity binding sites, respectively. Transformation of
SS groups (e.g., penicillamine) might modulate arrangement of
receptors and reduce binding site capacity.
Prolonged renal graft survival after repeated blood transfusions
during chronic hemodialysis. P. Schmidt, H. Kopsa, P. Balcke, J.
Zazgornik, W. R. Mayr, 0. Wagner, and F. Piza. 1st Medical
Department, Institute of Blood Group Research and 1st Depart-
ment of Surgery, University of Vienna, Vienna, Austria. In order
to investigate the influence of pretransplant blood transfusions on
renal graft survival, the results of 43 recipients with 10 or more
transfusions (group A) were compared with those of 48 recipients
with less than 10 or no transfusions (group B). In both the groups,
cadaveric kidneys, mainly with 3 or more histocompatibly mis-
matched antigens, were transplanted. Frequency of preformed
cytotoxic antibodies was similar in both the groups (25.6% and
22.9%, respectively). Cumulative renal graft survival rate was
significantly higher in the polytransfused group: 85.6 6.1% and
73.4 7.9%after I and 2 years, respectively, in group A, and 73.9
6.6% and 63.3 8.1% after I and 2 years, respectively, in group
B. After 4 years, 67.1 9.2% of the grafts were functioning in
group A and 32.7 8.7%, respectively, in group B (Wilcoxon
Rank test: P <0.05). Severe renal rejection with serum creatinine
higher than 3.0 mg/100 ml was more frequently observed in group
B when compared to group A (x2 = 6.14, P <0.05). Enhancement
due to blocking antibodies must be assumed as a possible explana-
tion for the favorable effect of repeated pretransplant transfusions
on graft survival rates.
Changes in the kinetics of the remn-angiotensin-aldosterone
system after administration of diuretics. E. Schnurr, H. Kuppers,
and B. Grabensee. Med. Kilnik A, University of Duesseldorf,
F.R.G. In 17 normal persons (NP), an increase of the coefficient of
correlation (r) between renin activity (RA) and angiotensin II (All)
was observed 4 hr after administration of 40 mg of furosemide
(0.6581 to 0.9523). Simultaneously, the coefficient of regression (b)
decreased from 10.2030 to 3.8826. In 17 patients with essential
hypertension, an increase of r was seen also (0.5056 to 0.7287), b
increased from 1.3651 to 2.63 12. In another group of 10 NP, RA,
All, and aldosterone (A) was measured during 8 hr after the
administration of 40 mg of muzolimine. During the first 4 hr, r
between RA and All rose from 0.7831 to 0.9583 and decreased
significantly later on. An increase of r was seen also between Alt
and A during the first 4 hr (0.0741 to 0.8057) with a decrease during
the second 4 hr. The results demonstrate that the relation between
the components of the renin-angiotensin-aldosterone-system are
very variable during diuresis by furoseniide or muzolimine.
Micropuncture experiments on albuminuria in the isolated per-
fused rat kidney. H. J. Schurek, J. Alt, and H. Stoite. Abt.
Nephrologie, Dept. Innere Medizin, Med. Hochschule, Hannover,
F.R.G. Isolated rat kidneys were perfused in order to exclude
extrarenal factors controlling renal protein filtration. The cell-free
perfusate supplies the kidney with high flow rates, thus filtration
fraction is low and the glomerular filter area is fully exposed.
Perfusate consists of substrate enriched Krebs-Henseleit solution
with predialyzed bovine albumin of different concentrations. Us-
ing a kidney-lung as oxygenator, dialyzer flow and GRF could be
held constant (GFR = 1 mI/mm g of kidney). Micropuncture
samples of early proximal tubules were analyzed for albumin, by
ultramicrodisc-electrophoresis, and for inulin. The sieving coeffi-
cient = GFAII,JPAIS of cortical nephrons was 2.14 0.8 x l0
using 2.7 g of Alb/l00 ml and 2.33 0.78 x l0 at 5.7 g of Alb/100
ml, that is S times the in vivo value (0.27 0.1 x 10). Albumin in
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final urine rose significantly when albumin in the perfusate was
higher than 3.5 g/lOO ml. These findings indicate that the glomeru-
lar barrier function depends on plasmatic components not present
in the artificial perfusate and on hemodynamic factors. Thus, the
significance of ultrastructural architecture of glomerular capillary
wall may be much less responsible for functional states of
proteinuria.
The role of brush border peptidases in degradation and reab-
sorption of y-glutamyl peptides and peptide hormones studied with
microperfusion of the proximal tubule of rat kidney. S. Silbernagl.
Inst. f Physiologie, Innsbruck, Austria. We have shown in a
recent study that glycyl-L-phenylalanine is split within the tubular
lumen. The rate of splitting allows the splitting products (amino
acids) to be reabsorbed before the end of the proximal tubule.
These studies were now extended to the naturally occuring tetra-
peptide L-alanyl-glycyl-L-seryl-L-glutamate, to angiotensin I and
II, to pyroglutamyl peptides, and to the y-glutamyl peptide,
ophthalmic acid. Methods. Single proximal convolutions were
continuously perfused in vivo and in situ. The perfusion fluids
contained the respective peptide. The collected samples were
analyzed for their content of radioactivity, of the intact peptide,
and of the constituent amino acids. The perfusion distance was
measured with the Latex method. Results. All peptides (except
the pyroglutamyl peptides) were found to be degraded to their
constituent amino acids within 2 seconds of contact time (2 mm,
perfusion distance). The amino acids were accumulated transiently
within the tubular lumen and were reabsorbed subsequently.
When a high concentration of L-aspartate was present in the
perfusion fluid also containing ophthalmic acid, the peptide degra-
dation by y-glutamyltransferase was not influenced, whereas one
of the end products, L-glutamate, was no longer reabsorbed and
appeared in the lumen at the same rate as ophthalmic acid disap-
peared. Conclusions. 1) The brush border enzymes of rat kidney
tubules are able to split peptides offered intraluminally. 2) A
pyroglutamyl moiety, but not a y-glutamyl group, prevents degra-
dation. 3) The splitting process is independent of the subsequent
reabsorption of the constituent amino acids. 4) y-glutamyltransfer-
ase does not seem to be involved in tubular amino acid reabsorp-
tion. 5) The brush border enzymes may play a significant role in
the metabolism of glutathione and peptide hormones.
Biphasic tubular effect of angiotensin II (A!!) and Sar' Ala8
(Sar) on net water and sodium reabsorption in the proximal tubule
of the rat kidney. F. Spinelli and A. Walther. Hoff,nann-La
Roche, Basle, Switzerland. Wistar rats were prepared for micro-
puncture, the kidney capsule was removed, and the kidney surface
was covered with a thin plastic foil except for a small 4 mm2 area.
Small droplets with increasing concentrations of All (10" to 10
M) were deposited in this area, and after one to two minutes,
reabsorptive capacity (J[ 11) was determined in an underlying
proximal tubule by the split-droplet technique. The same was done
for Sar (10" to l0) and All (10H to t0) to which a constant
concentration of Sar was added (10 M). Tubular pressure (free
flow and stop flow) and peritubular capillary pressure were mea-
sured with the servo nulling technique. Results. At low concentra-
tions, All had a stimulatory effect on J(l) with a peak around
10'° M (17.0 5.7%). Maximal inhibition was obtained with 10'
M All (—27.7 7.4%). The log dose response curve for Sar was
very similar to the All curve, except for its shift to the right of
three orders of magnitude. The effect of All was competitively
inhibited by Sar. No hydrostatic pressure changes were observed
at concentrations of All below 10-6 M. At All concentrations of
10-6 at and higher, pressures dropped in a parallel way. Conclu-
sions. All has a direct action on the proximal tubule. This effect is
inhibited by Sar. Sar behaves as a partial agonist of All.
Kidney transplantation and blood transfusion: Experimental
results in face of a new clinical concept. G. H. Thoenes ond K.
Pielsticker. Medizinische Klinik and Inst itut für Pathologie, Univ-
ersität München, F.R.G. Blood transfusions are beneficial for
survival of human kidney grafts. To study the principles of the
phenomenon in the experimental rat model, donor-specific and
third-party washed blood cells were injected at weekly intervals
for 2 or 6 weeks into either H-i or H-i plus non-H-i-different
recipients. One week after the last injection, kidneys were grafted
after bilateral nephrectomy and without any drug treatment. The
H-i congenic combinations LEW —s LEW. 1N and LEW. 1D -+
LEW. 1N showed 100% graft survival and function until the end of
the observation period (45 days). Control survival range was 9 to
22 days. Donor-specific sensitization is superior since third-party
blood resulted in very limited prolongation. The non-congenic
combination of LEW —* BN across stronger H-barriers also in-
duced significant prolongation through less remarkably in terms of
time and function. Two injections are fully sufficient; six injections
create problems of transplant glomerulopathy. The longer the time
interval between last immunization and transplantation, the less
effective is the treatment. Recipient (LEW. 1N)-matched blood
(EN) (=H-i identical; non-H-i different) does not help to protect
an H-i different, congenic kidney graft (LEWIS). Summary. Fa-
cilitating and protecting factors can be achieved by donor-specific
sensitization without adverse effects when the antigenic threshold
is maintained while the miss-match is limited. In the rat, recipient-
matched blood without any antigenic relation to the congenic
kidney graft does not show any influence on the normal acute
rejection.
Pathogenesis of obstruction in early ischemic acute renal failure
in the rat. J. Torhorst, D. de Rougemont, F. Brunner, and G.
Thiel. Deportment of Pathology and of Internal Medicine, Kan-
tonsspital Basel, Basel, Switzerland. Three weeks after unine-
phrectomy, reversible acute renal failure was induced in female
Wistar rats by clamping the renal artery for 90 mm. After one to six
hours of reflow, proximal tubular pressure was elevated about
three-fold over control values. Obstruction in more distal parts of
the nephron must have been the cause of this phenomenon. Histo-
metric analysis (5 ischemic, 5 control kidneys) of paraffin sections
of formalin-immersion fixed kidneys confinned the dilatation of
proximal convoluted tubules seen in vivo. The mean total area (T)
of one tubule was: control = 759 (13), ischemia = 1254(45); mean
luminal area (L) of one tubule was: control = 21 (5), ischemia =
495 (4.7); A, 5EM, d. Proximal straight tubules in the outer stripe
of outer medulla were dilated as well: T was control 1131(20),
ischemia 1627 (48); L was control 42 (9), ischemia 495 (47). Cylin-
ders were not found regularly. There was no evidence for a cause
of obstruction in the proximal tubule. In the inner stripe of outer
medulla, a massive hyperemia was seen on fresh cut surface.
Histometrically, the relative area occupied by intertubular capillar-
ies was increased from 22 (2.1) % to 38 (2.2) %, A, SCM, in
ischemia. An interstitial edema was not found: control 1.32 (0.05)
%, ischemia 1.09 (0.09) %. Dilatation of intertubular capillaries in
the inner stripe of outer medulla was the most important cause of
obstruction in this model of acute renal failure. Augmentation of
urinary viscosity by cellular debris may be an additional factor.
Adenylate cyclase activity and cAMP content of human platelets
in uremia. J. Vlachoyannis, H. Hedtler, and W. Schoeppe. Aht.
für Nephrologie des Zent rums der Inneren Medizin der Universitat
Frankfurt, F.R.G. Investigations carried out in numerous labora-
tories dealt with the relationship between cAMP and platelet
function. The ability of cyclic AMP to inhibit platelet aggregation
was first reported in 1965. Furthermore, it was learned that agents
promoting platelet aggregation reduce cellular cAMP, whereas
those inhibiting such aggregation increase cAMP levels. The effect
of these agents on platelet aggregation was shown to be mediated
by changes in adenylate cyclase activity. Patients with renal insuf-
ficiency display a series of coagulation defects (e.g., inhibited
aggregation in response to ADP and thrombin) which is considered
the result of uremia-induced platelet dysfunction. Our experiments
were designed to determine the effects of uremia and hemodialysis
on the basal activity of adenylate cyelase and the cyclic AMP
content of human platelets in patients with end-stage renal insuffi-
ciency, patients receiving maintenance hemodialysis, and, as
controls, normal subjects. Adenylate cyclase activity of the platelets
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of the 27 subjects studied was determined by the method of
Schwabe. Twenty-eight subjects formed the group for investiga-
tion of the cAMP content in platelets with the method of Gilman.
Basal adenylate cyclase activity in terminal renal disease (creati-
nine clearance less than 15 mi/mm) was 824 104 pmoles/l0 mini
mg of protein and thus significantly higher (P <0.001) than in the
normal group (453 97 pmoles/l0 mm/mg of protein). We also
found significant elevation (P < 0.001) of platelet cAMP levels as
compared to the controls; patients with end-stage renal insuffi-
ciency showed levels of 11.3 2.16 pmoles/mg of protein,
whereas in normal subjects cAMP values were 7.2 0.33 pmoles/
mg of protein. Basal adenylate cyclase activity and platelet cAMP
levels were approximately normal in the dialyzed patients (492
97 pmoles/l0 mm/mg of protein and 8.0 0.76 pmoles/mg of
protein, respectively). These results may account for the inhibition
of platelet aggregation and the associated platelet defects in
uremia.
Morphologic findings of the kidney in children with complex
tubular disorders. R. Waldherr, F. Manz, K. Schdrer, J. A.
Robner, and D. Feist. Institute of Pathology and Children's Hos-
pital, University of Heidel berg, F.R.G. Kidney specimens from 17
children with complex tubular disorders (Fanconi syndrome) were
examined by light microscopy. In 12 children, an additional ultra-
structural investigation was performed. The patients suffered from
infantile cystinosis (8 patients), tyrosinosis (2), Wilson's diease (2),
hepatorenal glycogenosis type Bickel-Fanconi (I), hereditary fruc-
tose intolerance (1), Lowe's syndrome (1), and idiopathic Fanconi
syndrome (2). The morphologic findings in infantile cystinosis
were the intralysosomal deposition of cystine crystals in interstitial
macrophages, the development of progressive tubular damage
with swelling of mitochondria and endoplasmic reticulum, tubular
atrophy, interstitial fibrosis, and progressive glomerular sclerosis.
Early glomemlar changes consisted of hyperplasia and swelling of
visceral and parietal epithelial cells. The extent of the tubular
alterations correlated well with the progressive impairment of the
maximal tubular PAH transport. Minimal histologic alterations
were observed in Wilson's disease, hereditary fructose intoler-
ance, Lowe's syndrome, and glycogenosis type Bickel-Fanconi.
Bickel-Fanconi glycogenosis was compared with a case of glucose-
6-phosphatase deficiency glycogenosis (von Gierke's disease).
Both patients showed extensive storage of glycogen predomi-
nantly in proximal tubular cells. An enlargement of proximal
tubular mitochondria with an increase of mitochondrial matrix and
a decrease of cnstae mitochondriales was found only in Bickel-
Fanconi glycogenosis. Whereas the patient with von Gierke's
disease presented with normal tubular functions, in Bickel-Fan-
coni glycogenosis a complex tubular disorder with predominant
impairment of the glucose transport was observed. The two pa-
tients with severe idiopathic Fanconi syndrome showed focal
tubular atrophy and progressive interstitial fibmsis by light micros-
copy. Ultrastructural examination revealed giant mitochondna
with an increase of mitochondrial matrix and cnstae disarrange-
ment in proximal convoluted cells. In complex tubular disorders,
morphologic alterations correlated well with the degree of tubular
impairment.
ATPase activity and sodium transport of erythrocytes of patients
with essential hypertension and uremia. U. Walter, E. Becht, and
A. Disiler. 1st Medical Department, University of Mainz, F.R.G.
Abnormalities in erythrocyte cation transport in patients with
essential hypertension (EH) and in those with uremia have been
reported repeatedly. Results on ATPase activity of uremic red
blood cells are controversial. To our knowledge, reports on AT-
Pase activity of red blood cells of patients with EH have not been
published. We therefore measured intracellular and extracellular
concentrations of sodium and potassium, ATPase activity in ab-
sence and presence of ouabain (l0- M) and sodium efflux of
erythrocytes in 17 healthy persons (NP), 23 patients with EH, and
in 21 patients with chronic renal failure, three days following the
previous hemodialysis. ATPase activity was measured in intact,
non-hemolyzed erythrocytes. Results. 1) The intracellular con-
centration of sodium was significantly increased in patients with
EH (10.06 1.79 mmoles/liter, P < 0.001) and in those with
uremia (12.82 3.01 mmoles/liter, P <0.001) as compared to NP
(7.35 1.28 mmoles/liter). 2) The intracellular concentration of
potassium was decreased in EH (85.38 6.85 mmoleslliter, not
significant) and in uremia (80.98 4.11 mmoles/liter, P <0.001),
compared with NP: 90.81 5.88 mmoles/liter. 3) Total ATPase
activity was increased in EH (3.07 x 10 0.80 x 10 IE/ml
erythrocytes, P <0.001) and in uremia (4.25 x 10 1.05 x lO_2
IE/mlerythrocytes, P <0.001), compared with NP: 2.16 x l0
0.34 x 10-2 IE/ml erythrocytes. 4) Na-K-ATPase activity was
decreased in EH (0.21 x 10 0.07 x 10—2 IE/ml erythrocytes, P
<0.001) and in uremia (0.18 x 10-2 0.05 x 10-2 IE/mi erythro-
cytes, P <0.001); compared to NP: 0.28 x 10-2 0.06 X l0 IE/
ml erythrocytes. 5) Increase of t½ of sodium effiux of eiythrocytes
of patients with EH (206 74 mm, P < 0.005) and in uremia (187
50 mm, P <0.005), compared to NP: 125 42 mm. 6) Positive
correlation between ATPase activity and intracellular concentra-
tion of sodium (y = 3.03 x l03x + 1.66 x i0, r = 0.771, P <
0.001). 7) Inverse correlation between Na-K-ATPase activity and
intracellular concentration of sodium (y = —1.38 x 104x + 3.55
>< 10, r =
—0.587, P < 0.001). 8) Positive correlation between
Na-K-ATPase- and Na-K-ATPase activity-dependent sodium ef-
flux of erythrocytes (y = 7.75 X l04x + 1.16 X l0-, r = 0.404,P
<0.005). In patients with EH and in those with uremia, we could
demonstrate a decrease of active sodium transport of erythro-
cytes, which may depend on a decrease of Na-K-ATPase activity,
since this glycoside-sensitive ATPase has been shown to be
closely related to the active transport of sodium and potassium.
This decrease of Na-K-ATPase activity results in an increase of
intracellular sodium in erythrocytes of patients with essential hy-
pertension and in those with uremia.
Sthnulation of renal prostaglandin E2-9-ketoreductase by high
sodium chloride intake: Possible effect on prostaglandin-renin in-
teraction. P. C. Weber, B. Scherer, and C. Larsson. Department
of Internal Medicine (Innenstadt), University of Munich, Munich,
F.R.G. Previous studies have shown a close relationship between
renal prostaglandin (PG)-synthesis and renin release. In vitro, PG-
endoperixides stimulate and PGF2,, inhibits renin secretion. One
factor influencing PGF2,-formation is the enzyme PGE2-9-ketore-
ductase which catalizes the reduction of PGE2 to PGF2,,. By this
action, PGE2-9-ketoreductase may play a role in the regulation of
renin release. We examined the effects of low and high sodium
chloride ingestion on renal PGE2-9-ketoreductase, on plasma renin
activity (PRA), and on urinary PGE2 and PGF excretion in the
rabbit. On high sodium chloride intake, renal PGE2-9-ketoreduc-
tase activity increased two- to three-fold, as compared to low
sodium chloride intake. At the same time, PGE2 excretion de-
creased from 1.9 rg/day on low sodium chloride to 0.5 pg/day on
high sodium chloride, whereas PGF,, excretion remained unal-
tered at around 2.2 rg/day. This resulted in a shift of the
PGE2:PGF2. ratio from 1:1.1 at low sodium chloride to 1:4 at high
sodium chloride intake. PRA decreased from 13 ng/ml/hr on low
sodium chloride to 1.8 on high sodium chloride intake. These
findings suggest that renal PGE2-9-ketoreductase activity and, by
this, the formation of PGF2,, are increased by high sodium chloride
ingestion. We propose that sodium chloride intake adjusts the
activity of the renin angiotensin system and ADH-related distal
tubular function by means of altering PGE2-9-ketoreductase activ-
ity, thus changing the PGE2:PGF2,, ratio. Therefore, renal PGE2-9-
ketoreductase may hold a key position in the regulation of sodium
and water balance.
Role of the renin-angiotensin system in hypertension associated
with unilateral hydronephrosis. P. Weidmann, C. Beretta-Piccoli,
D. Hirsch, F. Reubi, and S. G. Massiy. Medizinische Poliklinik,
Universität Bern and Division of Nephrology, University of South-
ern Cal jfornia School of Medicine, Los Angeles, California. Eight
patients, aged 22 to 66 yr, with unilateral hydronephrosis and
hypertension were studied in order to evaluate the pathogenic,
diagnostic, and prognostic significance of the renin-angiotensin
system in this form of renal hypertension. Peripheral plasma renin
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activity (PRA) was normal; exchangeable body sodium and blood
volume, determined in three patients, were also not increased. Four
patients had renal venous renin ratios of hydronephmtic kidney
(HK)/contralateral kidney (CK) > 1.5, which suggests increased
renin release from the diseased kidney, and they had ratios of CKJ
peripheral blood < 1.2, which indicates suppressed renin produc-
tion in the CK. Nephrectomy normalized blood pressure in each of
these patients. Two patients had renin ratios HKJCK a 1.3 and/or
ratios CK/penphery> 1.2; the latter suggests ischemia of the CK.
Pyeloplasty and/or nephrectomy failed to improve the hyperten-
sion. Postoperative changes in blood pressure correlated with
changes in PRA (r = 0.90; P < 0.01). These data suggest that
hypertension associated with unilateral hydronephrosis is partly
dependent on inappropriate activity of the renin-angiotensin sys-
tem; and renal vein renin values are helpful in selecting patients for
surgery.
Comparative study on the antihypertensive effect of propranolol
and metoprolol and their combination with a potassium-sparing
diuretic. H. Witzgall, D. Klaus, S. Hassan-Ali, and J. Zehner.
Medical University Clinic Innenstadi, Munich, F.R.G. Patients
with benign essential hypertension were treated twice daily with 80
mg of propranolol (N = 53;patient age 42 11 yr) or with 100mg
of metoprolol (N = 35; patient age 38 4 yr) for three weeks.
Nonresponders received, in addition, a diuretic (50mg of triamter-
ene, 25 mg of hydroehlorothiazide) for a further three weeks.
Under propranolol, there were 51% responders; under metoprolol,
46%. The combination of beta-receptor blockers with the diuretic
resulted in decrease of blood pressure in propranolol and metopro-
lol nonresponders. No statistical difference was obtained between
groups. After propranolol treatment, there was a significant de-
crease in heart rate (P < 0.0005). Metoprolol-treated patients,
however, showed no significant suppression of pulse rate. Plasma
renin activity (PRA) was significantly lowered by propranolol (P <
0.005, P < 0.0025). Under metoprolol, only basal PRA was sup
pressed (P <0.05). Basal and stimulated plasma aldosterone (PA)
was not influenced dunng beta-receptor blocker regimes. Aldoste-
rone excretion was slightly depressed after treatment with pro-
pranolol and metoprolol. Under beta-blockers, plasma potassium
increased a small amount (P <0.05). Behavior of dopamine-beta-
hydroxylasis was not influenced by the drug therapy. All drugs
exhibited no important side effects. Conclusions. 1) Propranolol
and metoprolol are equipotent antihypertensive drugs. 2) Propran-
olol suppresses heart rate more effectively than does metoprolol.
3) Additional administration of diuretic to nonresponders results in
decrease of blood pressure. 4) Propranolol depresses renin-secre-
tion more pronounced than metoprolol does. 5) Under beta-recep-
tor blockage, a dissociation of renin-aldosterone system was ob-
tained. 6) Beta-blockers induce a slight increase in plasma
potassium during short-term administration.
Stimulation of renin and aldosterone secretion by short- and
long-term regulation systems. J. Zehner, H. Ebel, and D. Klaus.
Medical Policlinic, University Marburg, F.R.G. Renin secretion is
a short-term regulator of blood pressure (BP) homeostasis, and
aldosterone is a long-term regulator. The question arises as to
whether there exist different time regulations for sodium loss, too.
Therefore, we compared the influence of different diuretic sub-
stances on plasma renin activity (PRA) and plasma aldosterone
concentration (AK). Results. a) 10 mm after i.v. application of
0.48 g of theophylline, PRA is increased twofold, whereas AK is
unchanged. b) Clopamide and hydrochiorothiazide do not influ-
ence PRA within 4 hr. AK, however, is stimulated within 2 hr. c)
After 40 mg of ethacrynic acid or 20 mg of furosemide i.v., PRA is
increased within 15 mm and decreases during the subsequent 30
mm nearly to the basic level and does not change for the following
3 hr. AK shows the same kinetic pattern, reaching its highest level
15 mm later than PRA. We conclude that sodium loss influences
renin secretion only after several hours, as is shown by the effect
of clopamide and hydrochiorothiazide (long-term regulation). The
quick increase of PRA within a few minutes after administration of
furosemide and ethacrynic acid is probably not caused by sodium
loss, but acts as an intrarenal servomechanism (short-term regula-
tion). Aldosterone secretion has a more sensitive and earlier reac-
tion to sodium loss than does renin liberation. Aldosterone is
therefore a relatively short-term regulation system of sodium loss.
Furthermore, our results give more evidence for the dissociation
of the renin-angiotensin system and the aldosterone system under
various conditions.
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The effect of propranolol on mean blood pressure (MBP), and
plasma and renal renin in nascent one-kidney Goldblatt (lk-G)
hypertension in rats. J. Atkinson, E. J. Kirchertz and L. Peters-
Haefeli. Institut de pharmacologie de 1' Université, Lausanne,
Switzerland. As propranolol will diminish MBP and plasma renin
level (PRL) in normotensive rats, it was of interest to determine its
effects in early lk-G hypertension, during which the rise in MBP is
thought to be largely renin-angiotensin-dependent. Twenty-four
hours after dorsal aorta cannulation and uni-nephrectomy, contin-
uous MBP recording via the aortic cannula was started, and after
stabilization, a blood sample for PRL was taken. Rats were then
injected with 1 (group P1) or 3 (P3) mg/kg L-propranolol (P) or
saline (C) and 30 mm later underwent renal artery clipping (RAC,
clip 0.2 mm) or a sham (SH) operation. Blood samples were taken
at 45, 90, 180, and 360 mm after operation; MBP was recorded
continuously, hi C rats, RAC and SH induced a peak in PRI at 45
min(C —* RAC: +520%, P <0.001; C —* SH: +180%, P <0.05).
PRL then fell to pre-operative values in SH rats but remained
elevated in RAC (6 hr: +200%, P < 0.05). MBP fell initially, then
rose back to pre-operative values in SH, but went beyond this in
RAC (142 3 at 6 hr from 117 2 mm Hg pre-operative P <
0.001). After pre-treatment with propranolol, the PRL peak seen in
C — SH rats was abolished, but not that after RAC: the latter
"peak" was extended, values at 3 hr in P — RAC being signifi-
cantly higher than those in C — RAC. In P —* RAC rats, there was
an increase in MBP at 45 mm, MBP values at 45 and 90 (P1 —
RAC) and at 45, 90, and 180 mm (P3 —* RAC) being significantly
higher than in C — RAC. Clipping the artery caused an increase in
kidney wet weight (+46%) and a decrease in renal renin concentra-
tion; these effects were attenuated by propranolol pre-treatment.
Thus, propranolol did not block the liberation of renin after RAC,
and it potentiated the subsequent rise in MBP.
